CONTEXT AND OBJECTIVE: There are few data in the literature on the frequency of cholecystectomy in Brazil. The frequency of cholecystectomy and associated risk factors were evaluated in the Brazilian Longitudinal Study of Adult Health (ELSA-Brasil). DESIGN AND SETTING: Cross-sectional study using baseline data on 5061 participants in São Paulo.
INTRODUCTION
Gallstones have been recognized since antiquity, and have been found in Egyptian mummies. 1 Today, they are a frequent problem in developed countries, affecting 10 to 15% of the adult population in the United States, 2 while in Europe, the prevalence ranges from 5.9% to 21.9%. 3 In Brazil, few studies have evaluated the frequency of gallstones and associated risk factors. Coelho et al. 4 screened 1000 individuals in two shopping centers in the city of Curitiba, Brazil, using ultrasound, and found that the frequency of gallstones was 6.4%. The direct and indirect costs of this ailment have been progressively increasing over recent years, as a consequence of increased numbers of surgical procedures in recent decades, and especially since the introduction of laparoscopic cholecystectomy in 1989. 5, 6 Multiple factors are responsible for cholelithiasis. Advancing age is one important risk factor for gallstones, and female sex is also a known risk factor. 2 Estrogen seems to play a critical role in this increased risk, because pregnancy, high parity and estrogen replacement therapy increase the risk of gallstones. 7 Obesity is another risk factor for gallstone development, likely caused by increased hepatic secretion of cholesterol. 1 The risk is especially high among women and increases linearly with increasing body mass index. 8 Ironically, rapid weight loss is also a risk factor for gallstone development, such that gallstones occur in 25% to 30% of patients who undergo bariatric surgery. 2 Although most people with gallstones are asymptomatic, about 20% present symptoms at some point and 7% require surgical intervention. 9 The prevalence of cholecystectomy in the United States is higher among women than among men, and it varies widely according to race. 10 Maclure et al. 8 in the Nurses' Health Study reported that the frequency of cholecystectomy was 0.49%, 8 while Liu et al. 11 reported a frequency of 1.3% in Taiwan. Except for the study by Coelho et al., 4 in which a frequency of 2.9% was reported from ultrasound screening of people in a shopping center in Curitiba, few studies on the epidemiology of cholecystectomy and associated risk factors have been conducted in Brazil.
OBJECTIVE
The aim of this study was to conduct a cross-sectional investigation of the frequency of cholecystectomy and associated sociodemographic and clinical risk factors using data from all participants in the ELSA-Brasil research center of São Paulo who had baseline information about previous cholecystectomy.
METHODS

Study design and population
The Brazilian Longitudinal Study of Adult Health (ELSA-Brasil)
is a prospective cohort study designed to investigate the incidence of cardiovascular diseases and diabetes, along with their biological and social determinants. The study originally included 15 
Cholecystectomy information
Information about the previous cholecystectomy was obtained from the baseline study questionnaire, and was confirmed by means of an ultrasound evaluation that focused on screening for hepatic steatosis, which was also performed at baseline. As part of a multicenter protocol, all of the liver images were obtained in the same position in relation to four anatomical landmarks, one of which was viewing of the gallbladder. More details about the liver ultrasound examination have been published elsewhere. 16 Participants who did not report having had any previous cholecystectomy or did not undergo hepatic ultrasound were excluded from the analysis.
Sociodemographic characteristics
We analyzed sociodemographic characteristics such as sex, age (years), self-reported race/skin color (white, mixed, black, East 
Anthropometric and blood pressure measurements
Anthropometric and blood pressure measurements were made on all participants. Weight, height and waist circumference were measured following standard techniques. 18 Body mass index (BMI) was calculated as weight (in kilograms) divided by squared height (in meters). 19 Abdominal obesity was defined as a waist circumference > 88 cm among women or > 102 cm among men. 19 Resting blood pressure was measured three times in a seated position after five minutes of rest, using a validated oscillometric device. The averages of the second and third measurements were taken to be the systolic and diastolic blood pressures in the analyses.
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Cardiovascular risk factors
Hypertension was defined as use of medication to treat hyperten- 
Psychiatric disorders
Mental diagnoses were assessed by trained interviewers using the Full hospital information is abstracted by trained personnel if the diagnoses include any ICD codes that relate to ELSA-Brasil endpoints. 23 For this analysis, we used all information about gallbladder procedures from the first two years of follow-up data.
Statistical analysis
Categorical variables are presented as proportions and were compared using the chi-square test. The significant level was set at P < 0.05. All the analyses were performed using the SPSS software, version 22.0. Participants who underwent cholecystectomy after the baseline were more likely to be women and have higher BMI and waist measurement values, along with higher frequency of previous bariatric surgery, compared with participants who did not undergo surgery ( Table 1 ). In the analysis that included lifetime cases of cholecystectomy (before and after baseline assessment), patients who underwent surgery were older and had higher BMI. The proportions of white and indigenous individuals and of singles and diabetics were higher, while the proportion of the patients with dyslipidemia was lower than the proportion who did not undergo cholecystectomy. people aged 18 to 65 in the township of Sirmione and found that the prevalence of previous cholecystectomy was 4.1%. A German study with 2,147 participants aged 10 to 65 years found a prevalence of 3.9%. 26 Only one Brazilian study evaluated the frequency of cholecystectomy, in a sample of 1,000 apparently healthy men (479) and women (521), and it reported a frequency of 2.9%, 4 i.e. similar to the frequency of cholecystectomy in our sample before enrollment in ELSA-Brasil. The results from the present study were similar to those of this previous Brazilian study, but were higher than those of the Taiwan study and lower than the prevalence in Europe, especially compared with the SHIP study, which yielded significantly higher prevalence than the other studies. Considering the lifetime prevalence of cholecystectomy, our results are similar to the European data, except for the SHIP study.
RESULTS
Overall
Although data on the prevalence of cholecystectomy worldwide is available, data on its incidence is very scarce. Maclure et al. 8 ELSA-Brasil survey, we did not perform complete ultrasound scans with decubitus changes in order to look for gallstones. Our main objective was to evaluate the presence of signs of fatty liver disease in the sample, and our protocol focused on including the gallbladder, whenever possible, as one anatomical landmark in the liver images acquired. In this way, we gathered information on whether the gallbladder was present or not when we acquired the image of the right liver lobe, in the same position for all participants who underwent ultrasound measurements.
As stated previously by Pedersen et al., 27 the prevalence of cholecystectomy does not exactly reflect the prevalence of gallstones.
There are also other factors involved, such as increased frequency of symptomatic gallstones, better access to health services, availability of ultrasound examination or a lowered clinical threshold for gallbladder surgery, which could affect this relationship.
Another limitation of the present study in relation to calculating the incidence of cholecystectomy was that the length of followup was too short to evaluate the risk of new cases of cholecystectomy based on risk factors identified at the baseline examination.
Our results showed that the main risk factors associated with cholecystectomy after the baseline examination of this study were female sex, indigenous ethnicity and high BMI. On analyzing all the cases of cholecystectomy together, we also found associations with age, higher frequency of being diabetic and previous bariatric surgery.
Aging is associated with gallstones in all racial groups, 28 and in both sexes. 25, 29 Most studies also showed higher frequencies of gallstones and cholecystectomy among women than among men. 25, 29 Everhart et al. 10 used data from the NHANES III study to evaluate the frequencies of gallstones and surgery to treat gallstones among men and women according to race. They found that among men, the frequency of surgery was around 25 to 35% of the total frequency of gallstones, while among women, this frequency was around 40
to 50%, and neither of these results was related to race. However in the same sample, among Mexican-Americans, more than 50% of the women underwent surgery. 10 A possible explanation for the condition that women are more affected by gallstones than men may be related to the use of estrogen. It has been demonstrated that parity is an important risk factor for gallbladder disease. 30 Interestingly, in our sample, we did not find any relationship between cholecystectomy and previous pregnancy, parity or the fertile period (from 35 to 49 years of age among women). we also observed that East Asian ethnicity was a protective factor against cholecystectomy. This is corroborated by the study by Liu et al. 11 in Taiwan, which found a very low prevalence of 1.3%.
It is interesting that presence of diabetes was also a significant factor when considering all the cases of cholecystectomy. There is no clear explanation in the literature for a higher frequency of gallstones among diabetics. However, gallbladder disease and diabetes have a very important common risk factor, obesity, 34 and its effect is stronger among women than among men. Diabetes, abdominal obesity and gallstones appear to be linked through metabolic syndrome. 35, 36 Liu et al. 11 also reported an association between cholecystectomy and type 2 diabetes.
In our study, dyslipidemia was protective against gallbladder surgery. This is probably because our definition of dyslipidemia included LDL-cholesterol < 130 mg/dl and/or use of statins. Use of statins was described in a previous study as a protective factor against cholelithiasis. 37 Interestingly, we found that the association between depressive disorders and cholecystectomy showed borderline significance (P = 0.08) among participants undergoing surgery after baseline, and P = 0.07 for all participants who had cholecystectomy. It is possible that we did not have sufficient statistical power for the analysis, but this can be investigated in the future with a longer follow-up period.
Previous bariatric surgery is a factor associated with cholecystectomy that has emerged more recently and is gaining importance, due to the increasing frequency of both obesity and bariatric surgery in Brazil and worldwide. Rapid weight loss on low-calorie diets or after bariatric surgery is a major risk factor for cholesterol gallstone formation. 1 Sludge and gallstones develop following bariatric surgery on extremely obese individuals in as many as 25-35% of the cases, 2 usually during the first six weeks after surgery, when the weight loss is most profound. 38 In the present study, laparoscopic surgery was the main method used for cholecystectomy and most of the operations were elective procedures. Laparoscopic cholecystectomy has been the current surgical standard for most diseases of the gallbladder over the past three decades. 39, 40 It was no surprise that we found results similar to previous findings 39, 40 there was a gradual increase in laparoscopic surgery across all age groups (≥ 18 years) during this period. 42 Our study has some strengths. It had a large sample of apparently healthy men and women with detailed information about the risk factors that may be associated with cholecystectomy.
Only one Brazilian study evaluated the frequency of cholecystectomy worldwide assessed samples that did not have previous complaints associated with gallbladder stones. 4 Our study also has some limitations. It was a cross-sectional analysis and therefore only allowed assessment of associations, rather than causality. We only had information about the frequency of cholecystectomy, without any information about cholelithiasis, unlike other studies that evaluated both of these factors.
CONCLUSIONS
In conclusion, the frequency of lifetime cholecystectomy was similar to values that have previously been published in studies worldwide. As in other countries, most of the surgeries were laparoscopic procedures. Female sex and high BMI values continue to be risk factors, but others, such as parity and fertile age, lost significance, while new factors such as bariatric surgery and indigenous Brazilian ethnicity are gaining importance.
